Acute appendicitis (AA) is not uncommon during pregnancy but can be difficult to diagnose. This study evaluated the neutrophil-to-lymphocyte ratio (NLR) and platelet-tolymphocyte ratio (PLR) in addition to conventional diagnostic indicators of the disease to diagnose AA during pregnancy. Age, gestational age, white blood cell (WBC) count, Alvarado scores, C-reactive protein (CRP), lymphocyte count, NLR and PLR were compared among 28 pregnant women who underwent surgery for AA, 35 pregnant women wrongly suspected as having AA, 29 healthy pregnant women, and 30 nonpregnant healthy women. Mean WBC counts and CRP levels were higher in women with proven AA than in those of control groups (all p < 0.05). Among all the groups, the median NLR and PLR were significantly different in women with proven AA (all p < 0.05). Receiver operating characteristic analysis was used to determine cut-off values for WBC count, CRP, lymphocyte count, NLR and PLR, and multiple logistic regression analysis showed that NLR and PLR used with routine methods could diagnose AA with 90.5% accuracy. Used in addition to routine diagnostic methods, NLR and PLR increased the accuracy of the diagnosis of AA in pregnant women.
Introduction
Acute appendicitis (AA) is the most common general surgery emergency. It is also the most common nonobstetric/nongynecological surgical emergency in pregnant women with a reported incidence ranging from 1 in 766 to 1 in 1440 pregnancies [1] . Although reports vary, the incidence of AA appears to increase in the second trimester [2, 3] . Diagnosis of AA in pregnancy is challenging because symptoms of nausea, vomiting, and abdominal pain can be difficult to distinguish from pregnancy-related symptoms. In addition, the use of imaging modalities is limited during pregnancy. Importantly, delays in diagnosis because of these difficulties may place both the mother and fetus at risk, potentially leading to abortion or preterm delivery [4] .
Although there is no specific laboratory parameter for AA, the white blood cell (WBC) count and C-reactive protein (CRP) level are commonly used in the diagnosis of AA [5] . However, physiological leukocytosis occurs in pregnancy, and the WBC count increases with gestational week to reach a peak during labor. Therefore, an increased WBC count is not a specific parameter for the diagnosis of AA in pregnancy [5, 6] . The level of CRP, an acute phase reactant, increases in many inflammatory conditions and can be used in the diagnosis of AA [7] ; however, the CRP level may also be increased in healthy pregnant women [8] . Ultrasonography is the most frequently used imaging modality to diagnose AA, but the appendix may be difficult to visualize in pregnancy because of anatomical changes [6] . Magnetic resonance imaging (MRI) and computed tomography (CT) are of limited use in pregnancy because MRI is not widely available and CT involves exposure to ionizing radiation [6, 9] . The Alvarado scoring system, first described in 1986 [10] and based on clinical and laboratory data, is recommended for use in the diagnosis of AA. However, the findings of a recent prospective study indicated that the Alvarado scoring system alone is not sufficient to accurately diagnose AA [11] .
Neutrophils are the most abundant WBCs and are important cells in the immune defense system. They also regulate other cells, including mast cells, epithelial cells and macrophages, and play an active role in inflammatory events. Changes in the neutrophil-to-lymphocyte ratio (NLR) can be an early sign of bacterial and viral infections. Another parameter that has been used in the diagnosis of infection is the platelet-to-lymphocyte ratio (PLR) [12] . Platelets are cells that help in modulating various inflammatory conditions; therefore, changes in PLR may be a useful indicator of acute infection, including AA.
Although AA is the most common infection requiring emergency surgery, accurate and timely diagnosis is potentially challenging. Unnecessary or delayed surgery is of particular concern in patients suspected as having AA. The situation becomes even more challenging and complex in pregnant women presenting with AA symptoms. Therefore, the aim of this study was to assess the use of NLR and PLR in combination with conventional methods to facilitate accurate and timely diagnosis of AA in pregnant women.
Materials and methods
This retrospective study included 78 pregnant women admitted to our clinic between January 2005 and January 2015 suspected as having AA. Of these, 36 women with confirmed AA underwent surgery (the appendectomy group). Forty-two patients were found not to have AA and did not proceed to surgery (the expectant group). The study controls included 29 pregnant women who presented to our clinic for routine examinations during the same period (the healthy pregnant control group) and 30 nonpregnant women who presented to our polyclinic with breast pain during the same period but had no pathology on examination (the healthy women control group).
Exclusion criteria included the following: hematological disorders; chronic liver or kidney disease; chronic obstructive pulmonary disease; asthma; any viral, bacterial or parasitic infection; cancer or autoimmune disease; and history of smoking and/or alcohol consumption. Patients with incomplete records were also excluded. Based on these criteria, eight of the 36 patients in the appendectomy group were excluded: four had systemic diseases (hypertension in two patients, chronic obstructive pulmonary disease in one patient and diabetes mellitus in one patient), one patient had incomplete records and three patients had no histology results to confirm the diagnosis of AA. The remaining 28 patients in the appendectomy group were included in the analysis. Seven of the 42 patients in the expectant group were excluded: two had diabetes mellitus, one had asthma, two were smokers, one had hypertension, and one had tonsillopharyngitis. The remaining 35 patients in the expectant group were included in the analysis. Age, gestational age, WBC count, lymphocyte count, Alvarado score, CRP levels, NLR, and PLR were recorded for patients in the appendectomy and expectant groups. All parameters except the Alvarado score and CRP were recorded for patients in the healthy pregnant and healthy women control groups. The scientific research ethics committee of the Kahramanmaras ‚ Sütçü _ Imam University Medical Faculty approved the study protocol.
All statistical analysis was performed using SPSS 22.0 software (IBM Corporation, Armonk, NY, USA). The ShapiroeWilk test was used to determine the compliance of the data to a normal distribution, and the Levene test was used to determine the homogeneity of variances among the groups. The independent samples t test with bootstrap results was used to compare two independent groups, whereas the ManneWhitney U test was used with the Monte Carlo simulation technique. One-way analysis of variance (robust test: BrowneForsythe) was used together with bootstrap results to compare more than two groups with other groups. The KruskaleWallis H test, least-significant differences and GameseHowell tests were used for post hoc analysis. Correlation between classification of the patient groups separated by cut-off values was calculated according to the variables, and real classification was expressed by examination of sensitivity and specificity using receiver operating characteristic (ROC) curve analysis. A logistic regression test was used to define the causeeeffect relationship of the categorical response variable with explanatory variables in binomial and multinomial categories. Quantitative data are expressed as mean AE standard deviation, median AE interquartile range, or median and range (maximumeminimum). Categorical data are expressed as n (number) or percentage (%). Data were analyzed at a 95% confidence interval, and statistical significance was set at p < 0.05.
Results
Results of the comparisons among the four groups are shown in Table 1 . There was no significant difference among the four groups for mean age (p Z 0.128) or mean gestational age (p Z 0.295), and there was no significant difference between the appendectomy and expectant groups for mean Alvarado score (p Z 0.562). However, the median CRP level was significantly higher in the appendectomy group compared with the expectant group (p < 0.001). The mean WBC count was significantly higher in the appendectomy group compared with the other three groups combined (p < 0.001), and compared with the expectant, healthy pregnant control and healthy women control groups (all p < 0.05). The mean WBC count in the expectant group was significantly higher compared with the healthy pregnant control and healthy women control groups (both p < 0.05), and the mean WBC count was significantly higher in the healthy pregnant control group compared with the healthy women control group (p < 0.05).
The mean lymphocyte count was significantly lower in the appendectomy group compared with the other three groups combined (p < 0.001) and compared with the expectant, healthy pregnant control and healthy women control groups (all p < 0.05). The mean lymphocyte count in the expectant group was significantly lower compared with the healthy pregnant control and healthy women control groups (both p < 0.05). There was no significant difference between the healthy pregnant control group and the healthy women control group (p > 0.05). There was no difference in platelet count among the four groups (p Z 0.366).
The median NLR was significantly higher in the appendectomy group compared with each of the other three groups (all p < 0.05). In addition, the median NLR in the healthy women control group was significantly lower compared with the expectant and healthy pregnant control groups (both p < 0.05). The median PLR was significantly higher in the appendectomy group compared with each of the other three groups (all p < 0.05). In addition, the median PLR in the healthy women control group was significantly lower compared with the expectant and healthy pregnant control groups (both p < 0.05).
Cut-off values calculated using ROC analysis are shown in Table 2 . For the diagnosis of AA, a WBC count >13,880 cells/mL had 57.1% sensitivity and 82.9% specificity, a CRP level >10.1 mg/L had 85.7% sensitivity and 88.6% specificity, and a lymphocyte count <1540 cells/mL had 75% sensitivity and 68.6% specificity. An NLR >6.84 had 78.6% sensitivity and 80% specificity for the diagnosis of AA, and a PLR >121.78 had 100% sensitivity and 42.9% specificity.
The results of the multiple logistic regression analysis are shown in Table 3 . The WBC count, CRP level, and lymphocyte count were significant independent predictors of a diagnosis of AA. The model had an explanatory power of 75.5%, and using the cut-off values of these five parameters, a diagnosis of AA could be established with 90.5% accuracy.
Discussion
In pregnant women, appendectomy is the most common surgical procedure after gynecological/obstetric procedures [1e4]. Unnecessary laparotomies are performed in 8e10% of cases because of atypical presentations during pregnancy and because even in nonpregnant women, many diseases can cause pain in the right lower quadrant similar to that experienced in AA [9, 11] . Erekson et al. [3] reported that the most common nonobstetric surgical procedure among 1969 pregnant women was appendectomy (44%), and major complications occurred in 5.8% and mortality in 0.25% of cases [3] . In their study of 3313 pregnant women with AA, McGory et al. [13] found a fetal loss rate of 20% in women with perforation. They also found an increased risk of fetal loss in women who underwent negative laparotomy (10% risk) compared with 4% for those who underwent uncomplicated appendectomy [13] .
The accurate diagnosis of AA in pregnant women is particularly challenging because of the physiological, anatomical, and hormonal changes associated with pregnancy. Ultrasound scans can be difficult to interpret because of the displacement of the appendix and cecum secondary to enlargement of the uterus [4] . Furthermore, MRI is not always readily available in the emergency setting, and CT involves exposure to ionizing radiation [6, 9] . Another factor that can complicate the diagnosis of AA is the physiological leukocytosis of pregnancy, which increases with gestational age [5, 6] . Although the small sample size of the present study limits the strength of the findings, there was a significant difference in the WBC count between the healthy pregnant control and healthy women control groups. The WBC count was also higher in the expectant group than in the two control groups but was significantly lower compared with that in the appendectomy group.
The level of CRP, an acute phase reactant that is synthesized in the liver and released into the circulation, is a useful parameter to diagnose and monitor acute and chronic inflammatory conditions [1] . However, a high CRP is not specific for AA in pregnant women but can be useful to support the diagnosis when AA is suspected [1] . In the present study, CRP levels were significantly higher in the appendectomy group compared with those in the expectant group. An Alvarado score of 7 or higher is suggestive of a diagnosis of AA [10] . In a study comparing Alvarado score, CT findings and pathology outcomes in 143 patients suspected as having AA, the condition was confirmed by CT in 51 of 55 patients with an Alvarado score of 8e10, and AA was histopathologically verified in 50 of those 51 patients. Table 2 Sensitivity and specificity of white blood cell count, C-reactive protein level, lymphocyte count, neutrophil-tolymphocyte ratio, and platelet-to-lymphocyte ratio cut-off values to diagnose acute appendicitis in pregnant women, based on the area under the receiver operating characteristic curve. However, five patients with Alvarado scores greater than 8 had normal pathology [14] . Although use of the Alvarado score alone can result in false-negative and false-positive diagnoses of AA, it provides valuable information for surgeons who have to work with limited facilities or imaging resources [14] . The present study was the first to assess the use of the Alvarado score in pregnant women. There was no significant difference between the appendectomy and expectant groups, which may reflect the physiological changes of pregnancy. Many of the parameters used to generate the Alvarado score could be affected by the enlargement of the uterus with the progression of gestational age, limiting the use of this score to diagnose AA in pregnant women with abdominal pain. Neutrophils are very important cells in the immune defense system, are potent regulators of mast cells, epithelial cells and macrophages, and play an active role in inflammatory events. Changes in NLR are observed early in the course of bacterial and viral infections. PLR has also been used to investigate acute infection [12] . Given that platelets are helper cells in the modulation of various inflammatory conditions, changes in PLR might also be useful for the diagnosis of AA. Therefore, the main aim of the present study was to investigate the use of NLR and PLR as safe and readily available tests for the early diagnosis of AA in pregnant women. The values used were based on recently reported results for studies of NLR and PLR in a number of different inflammatory conditions [15e18].
In a study of patients with pulmonary embolism, the red cell distribution width and NLR and PLR were increased relative to controls [15] . However, the authors concluded that the diagnostic value of these parameters alone was low and recommended using them combined with imaging studies and other laboratory tests [15] . Another study found that patients having tuberculosis had a higher NLR compared with patients having sarcoidosis [17] . Azab et al. [17] reported that NLR with a cut-off value of >4.7 was a simple and effective parameter to evaluate the severity of acute pancreatitis [17] . Conversely, in a study of patients having brucellosis, Olt et al. [18] found no significant difference between affected patients and controls for PLR, but NLR was significantly lower compared with controls.
_ Ilhan et al. [12] reported that NLR with a cut-off value of 4.1030 was a simple and effective parameter to determine the severity of acute pancreatitis in pregnant women. Interestingly, similar to Alvarado scoring system for AA in the present study, the Ranson scoring system for acute pancreatitis was not effective for pregnant women. The authors attributed this to the young age of the pregnant women relative to age >55 years that is one of the criteria in the Ranson scoring system [12] . The criteria used in the Alvarado scoring system such as nausea and vomiting and localization of pain between the epigastric area and the right lower quadrant could be modified for pregnant women. Further large-scale studies are needed to determine modifications of the Alvarado scoring system for use along with NLR to diagnose AA during pregnancy. The cutoff values for NLR and PLR calculated in the present study resulted in sensitivity of 78.6% and 100%, respectively and specificity of 80% and 42.9%, respectively. When NLR and PLR were combined with the WBC count, CRP level and lymphocyte count, an accurate diagnosis of AA could be established with 90.5% accuracy.
Limitations of the present study include the retrospective design and the small sample size, because of the relatively low incidence of AA in pregnancy.
In conclusion, to the best of our knowledge, this is the first study to evaluate the use of NLR and PLR to diagnose AA during pregnancy. It is also the first study to investigate the use of the Alvarado score to diagnose AA in pregnant women and to demonstrate that its use is limited during pregnancy. To protect the lives of both mothers and newborns it is essential to establish an early and accurate diagnosis of AA to ensure timely surgery and to avoid unnecessary laparotomy. Although NLR and PLR alone are not sufficiently specific for AA during pregnancy, they are valuable parameters when used in combination with the physical examination, laboratory analysis, imaging modalities, and scoring systems such as the Alvarado score.
